This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Problem Image Mailbox. 



FEB- 18-2004 07:22 P&G PATENT DIVISION ADMIN 

756190 

CROSSLINKED POLYETHKRS 

This invention relates to chemically crosslinked poly- 
* there. In a particular aspect, this invention is concerned with 
a process for chemically crosslink ing polyethers with divinyl 
nmosers in the presence of free radical catalysts, and to the 
crosslinked polymers prepared thereby* 

In the present state of the art polyethers ere not 
known to be amenable to cross linking through carbon to carbon 
bonding by chemicals mane. Zt is known that polyethers such as 

10 poly (ethylene oxide) can be crosslinked readily through 

irradiation with gonna rays* however heretofore, it has not been 
possible to crosslink polyethers via chemical means, *o % ty- 
(ethylene oxide) has been shown to form a crosslinked polymer 
of varying properties through Irradiation with gamma rays such 
as those emitted by a cobalt 60 source. The properties of these 
irradiated poly(ethylene oxides) are highly depende nt on the 
irradiation dose, that la, the irradiated poly (ethylene oxide) 
may range in properties from a soluble polymer with properties 
similar to the irradiated polymer, to a highly crosslinked horny 

20 solid, insoluble in any solvent. Moreover, since gemma radiation 
involves the use of a potentially dangerous source with costly 
'protective measures involved in Its use, it is not the meet 
desirable process for crosslinking polyethers. 

It has now Veen found that polyethers can be success* 
fully end readily crosslinked by a chemical process^ This chemical 
process Involves a rather simple chemical reaction and does not 
require a source of gamma radiation* The process of the present 
invention comprises chemically cross linking polyethers with small 
amounts of divinyl mo n o m er s in the presence of a free radical 

30 catelyet. The degree of cross linking can be varied over e very 
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broad range. It Is believed that the chemically crossllnked 
polymers of tbia invention msy be wore economically attractive 
than the radiation induced crowlioked polymers. The erosalinked 
polyethers of this invention are of particular i»tere*t in 
agricultural application* and in modifying film properties 

The novel procese of thia invention for eroeel inking 
polyethers ia believed to be accomplished through the grafting 
of a divinyl aubstitueot of a divinyl monomer to the carbon 
Atiotts adjacent to the oxygen atom in the polyether chaina. With 
10 polye there, it appear* that the hydrocarbona on carbon atoma 

adjacent to the oxygen atom are rather labile and apparently are 
abstracted by free radical catalysts. Uicse reactive sitae then 
apparently react with a vinyl group if one is available and a 
grafting operation le complete. If this process la conducted 
with the right hind of -a divinyl monomer as disclosed herein, 
then a croea linked material Is obtained. It ie a requirement 
of the process of this Invention that a divinyl monomer with its 
divinyl aubetituente be used otherwise the croeelinking 
phenomenon will not occur. Honovinyl monomer* vill not eroaa- 
20 link mm disclosed herein and, therefore, are not within the 
purview of this invention. 

Accordingly, an object of the present invention is to 
provide a novel chemical proceaa for c rollicking polyethers 
with s divinyl monomer in the presence of a free radical catalyst. 
Another object Is to provide a novel proceaa for chemically 
cro**l inking poly (ethylene oxide) with a divinyl monomer in the 
presence of a free radical catalyst. A further object is to 
provide a proceaa for chemically croes linking poly (ethylene oxide) 
with methylenebieacrylamide in the presence of asobieiaobutyro- 
JO oltrlie. A still further object Is to provide novel crosslinked 
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polymer* prepared by chemically crosslinklng a polyether with a 
dlvlnyl monomer in the presence of a free radical catalyst. 
Another further object la to provide novel croasl inked polymers 
prepared by chemically crosslink!** poly (ethylene oxide) with a 
di vinyl monomer in the presence of a free radical catalyst. 
Another object is to provide novel crossllnked polymers prepared 
as disclosed herein which find agricultural and microbiological 
uses as well as applications in modifying films. These and other 
objects of this invention will become apparent to those skilled 
10 in the art to which thia invention pertains from the ensuing 
dsscriptloa thereof. 

In general, several methods may be used in carrying 
out the crosslinking reaction of this invention. For either 
high, or low molecular weight polyesters, such as poly (ethylene 
glycol), known in the trade aa Carbowax 6000, the reaction may 
be conducted in a stirred reaction flask merely by mixing, e.g. , 
tha low aolacultr weight poly(achylena glyool) with tha divinyl 
anmr ind c«t«lyat. For this method It 1* essentlel that 
th* reaction temperature be high enough to ellow th. componeata 
X0 to ml* frealy, end therefora should be abovo the aalttag point 
of th. low aoloeulor weight poly (ethylene glycol) . 

is anethar method, with either a high ox low moleeular 
weight polyether, . th. reaction may be conducted la a atendard 
laboratory preaa. the oetelyet and diviayl monomer oroaaliaklag 
agent are lstlaotaly dlepereed in tfha polyether. The reeultent 
powder or mixture ie than aubjacte4 to heat aad preeeure for a 
period o£ time and a thin croaallnajed polyether plaque ia obtained. 

la a atill further method^ the polyetaex to be croae- 
llafced may be axtrudad through a haft acne to the preeence of the 
30 dlvlnyl monomer croaal Inking agent mad catalyst . Thia method ia 
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especially useful in a continuous operation. 

The polyethers which can be chemicslly crosslinked 
According to this invention Include a wide variety of known 
polyethers. It i» believed thet any polyether with • hydrogen 
•ton on the cerbon atom adjacent to the ether oxygen can be 
croselinked as dlecloeed herein, toong the polyethers which nay 
be croselinked according to this invention include poly(elkylene 
oaides) such as poly (ethylene oxide), poly (propylene oxide), and 
mixtures thereof; polyvinyl ethers sueh as polyvinyl isobutyl 
10 ether; poly(alkylene glycols) eubh as poly (ethylene glycol). 

polypropylene glycol); and poly(etyreiie oxide); and nurtures of 
different poly(alkylene oxides), polyvinyl ethers, and poly- 
(•Ucylene glycols) wit* themselves and each other. In general, 
polyethers having «n average woleculer weight of 5.000 to 
5,000,000 or greater, up to 10.000,000, are operable. This 
invention is particularly adapted to the chemical crosslinkiug 
of polyethylene oxide) but is in no way restricted thereto. 

The highest degree of croseliaklng has bean obtained 
with molten polye there, or very high concentrated solutions of 
20 polyethera. It appears that moat efficient crosslinking occurs 
with a noo-cryetalline polyether, that is, with melted polyethera 
or solutions of polyethera. The success of the crosslinking 
reaction is observed In the resulting polyethera solubility. 
Insolubility in water la taken ae the criterion for a succeeeful 
croselinking reaction in the process of this Invention, e.g., 
ineelubility of croselinked poly (ethylene oxide) in water. 

The divinyl monomers which are suitable in the practice 
of eWe invention include divlnyl beusene. divinyl adipate, and 
other divinyl "tore; ethylene glycol dimethecrylate, and other 
30 dis-theerylatee; and dlacrylate, methyleneblsacrylasdde, and others. 

4. 
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Of course, mixtures and various combinations of the aforementioned 
divinyl monomers ere also suitable. The preferred divinyl monomer 
for crosslinking poly (ethylene oxide) is methylettebiseerylamlde. 

The relative amounts of polyether and divinyl monomer 
employed in the process of this invention can be varied over a 
vide range. It has been found that the higher the moleculer 
weight of the polyether, the less divinyl monomer is required to 
obtain crosslinking, as indicated by the insolubility of the 
resultant polymer* In general, the amount of divinyl monomer 
10 required will represent from 0.2 to 10 per cent of the amount of 

polyether employed. Ideally, if a polymer la completely erosslinked 
to an infinite network, i-e., only a «ingi* molecule exists, then 
the polymer will be insoluble in water. Different degrees of 
crosslinking can be measured roughly by the amount of smelling or 
adsorption in a good solvent for the linear polymer. In the 
present invention, crosslinking is determined by the solubility 
of the resulting polymer in water, or some other solvent for the 
original polyether. Other solvents are acetonltrile, methylene 
dlchloride, ethylene dichloride. 
20 A number of different free radical catalysts can be used 

in the process of this invention. Typical free radical catalysts 
include axobiaisobutyronitrila, bensoyl peroxide, acetyl peroxide, 
2 ,4-dlchlorebensoyl peroxide, and in general any free radical 
generating compound which will generate a substantial number of 
free, radicals over a temperature range of Interest from about 65 
to about 150*C. The preferred free radical catalyst for poly- 
(ethylene oxide) is asoblelsobutyronltrlle. The amount of catalyst 
may vary from 0.1 to about 5.0 per cent based on the total amount 
of divinyl monomer plus polyether. 
30 The temperature at which the process can be carried 

out is, of course, related to the particular catalyst used in 
the reaction. The preferred temperature range for crosslinking 
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poly(ethylene oxide) is from about 75 to , About 150*C. The 
preferred temperature is from about 100 to 125*C. , particularly 
when using asobisisobutyronicrile as catalyst. 

The following examples and tables will more fully 
illustrate the process and cross linked polymers of this invention. 

EXAMPLE 1 

To a 500 ml/ 4 neck reaction flask equipped with air 
driven stirrer, thermometer and nitrogen purge the following was 
added: 40 grams f, Carbowax" 6000 /"poly (ethylene glycol) of 
10 approximately 6000 molecular weight JT. 5 9ns. divinyl adlpate, 

0.5 2,2 , -aaobis(2-methyl propionitrile) . The poly (ethylene 

glycol) and divntyl adlpate were added first, heated to 70-75 # C. 
and then the catalyst was added. The agitation then had to be 
terminated within 1-2 minutes because gel formation prevented 
further stirring, 

the product (approximately 45 gms.) was collected. 
5 Cms. sample of the material was then dispersed in 100 ml. of 
water. Even after 5 days agitation, 1.3 g»s. of the same were 
insoluble which represented 26 per cent of the sample. A 
20 sample of unreacted Carbowax 6000 was completely soluble.. 
Table X and 11 shows die cross linking of various 
polyethers according to this invention. The procedure for 
Examples 2-10 was conducted In the same metmsr as Example 1. 
In Tables I and II, the poly (ethylene glycols) have molecular 
weights of approximately 6000 and 20,000, and the poly (ethylene 
oxides) have a molecular weight in excess of 100,000. 
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EXAMPLES 11-30 
In these Examples, Table III, catalyse and crosslinking 
agent were dispersed in poly (ethylene oxide) simply by dissolving 
the catalyst in acetone, and the croa 5 linking agent in methanol, 
mixing then together and then mixing small amounts of this 
solution with the finely dispersed poly (ethylene oxide). The 
poly (ethylene oxide) was then evacuated under high vacuum to distill 
the solvents off the poly (ethylene oxide)* The dried crosslinked 
poly(ethyleae oxide) was then subjected to molding conditions, 
10 To mold films, only 2 gma. of sample was needed. A Carver 

Laboratory press was used to mold thin plaques between sheets 
of aluminum foil. The solubility of the films was then determined 
In water at a poly other weight concentration of 5 per cent* 
Table III indicates the results obtained. 
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Croasl Inked polyethers of this invention are of 
particular interest in agricultural applications and in modifying 
films. They can be used as plant growth media with soil, sand, 
peat moss and/or vermlculite. The growth media which comprise 
the croasl inked polyethers and natural growth media, can also 
include active agents such aa fertilisers, herbicides, fungicides 
and/or msec tic idea. 

The c roan linked polyethers of this invention are believed 
to be structurally a matrix of crosslink©* polyethers which are 

10 substantially insoluble In water, and organic solvents at ambient 
or elevated temperature; they will swell upon contact with liquids, 
solutions and/or suspensions Into the polymeric matrix of the 
material; they will retain liquids and solutions Incorporated 
into their matrix and will release the same to an environment 
which has a lower concentration of such liquids or solutions 
than that concentration of the liquid ox solution within the 
polymeric matrix; they will incorporate liquids and solutions 
from the surr o un ding environment when the concentration of such 
liquids and solutions In the surrounding enviornment Is greater 

20 than the concentration of the same within their polymeric matrix 
and the liquids and solutions are releasable from the polymeric 
matrix by evaporation* 

Plants can be rendered more resistant to moisture 
atresa by contacting the roots with an aqueous slurry of one of 
the eras si inked polyethers of this invention. The cross linked 
polyethers can be admixed or mulched with the soil in dry or 
substantially dewatered condition along with substantially dry 
active agents such as fertilisers, herbicides, nematocides, and 
Insecticides. Upon application of water to the soil the active 

30 agents will be solubilised and the water and active agents will 

10. 



FEB-18-2004 07:41 



513 634 3452 



SIX 



P. 11 



FEB- 18-2004 07:24 



PS.G PATENT DIVISION RDM IN 



513 634 3452 



756100 

be sorbed by che polymeric matrix. Again » the problem of 
excessive loss of water by evaporation or by loss to the natural 
water table and lose of the active agents by leaching is obviated. 
Also, because the activating carrier is able to sorb moisture 
from the so-called dry soils, activation of active agents will 
begin without additional rainfall. 

A particular and distinct advantage of the present 
growth medium containing cross linked polyethers and soil and so 
forth, is the manner in which the plant roots can make use of 

10 the crossl inked polymeric material. The plant roots* csn grow into 
the crossl inked polymeric matrix Itself and thereby come into 
direct contact with water and the other active agents Incorporated 
within the polymeric matrix. The ability of the plant roots to 
grow into the polymeric matrix permits more efficient utilisation 
of water and other active agents because the water and active 
agents are directly contacted by the roots. Also, plants whose 
roots grow into the polymeric matrix, thereby causing the 
crosslinked polymeric matrix to cling to the plant roots, are 
much more resistant to extended periods of moisture stress* 

20 The term "moisture stress" is defined herein to mean a situation 
wherein the Internal moisture of the plant is transpired or 
evaporated at a rate greater than the rate which water enters the 
plant. The latter rate Is due primarily to the lack of available 
moisture* . There is much less destruction of seedlings during 
shipping and transplanting operations with such plants as tobacco, 
tomatoes, strawberries, annuals,' and perennials,' holding perennials, 
woody plant a, ornamentals and seedlings when grown in the soil 
crosslinked polymeric formulations of the present invention. 

There are many Instances wherein the Insoluble cross- 

30 linked polyester matrix containing water and/or fertiliser or 

11. 
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other active •gents can be an ideal growth medium for germination 
of seeds and/or rooting of plane cut tinge . The seeds of beans, 
lettuce, tomatoes, peppers, petunias, panales, marigolds, and 
snap dragons, can be geminated in the croa a linked polymeric 
matrix-water media. 

The cros si inked po lye there are not consumed to any 
- significant extent by the plants themselves, but act as inert 
components in the growth medium or as an inert carrier. Due to 
their ability to incorporate or sorb organic and inorganic 
10 compounds and/or solutions of various solutes in aqueous or 
organic solvents within their matrix and release these sorbed 
agents to their surrounding environment under a wide variety 
of conditions, they have wide utility In the field of agriculture* 
The active agents such as fertilisers, herbicides and ao forth, 
are not chemically affected by nor do they react in any signi- 
ficant manner with the core si inked polymeric materials. The 
polymeric materials disclosed herein provide a more effective 
means for achieving the known functions of water and other known 
active agents or agricultural chemicals. 
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WHAT IS CLAIMED I£: 

1. A process for chemically crossllnklng polyethers 
vhlch comprises contacting said polyethers with a divinyl 
monomer In the presence of a free radical catalyst. 

2. A process for chemically crossllnklng polyetherfl 
which comprises grafting a dlvlnyl •ubstitven* of a divinyl 
monomer to a carbon atom adjacent an oxygen atom In the 
polyether chain of a polyether In the presence of a free radical 
catalyst. 

3. A process for chemically cross linking poly- 
(ethylene oxide) which comprises contacting poly(ethylene oxide) 
with a dlvlnyl monomer In the presence of a free radical 
catalyst* 

4. A process for chemically crossllnklng poly- 
(ethylene oxide) nhich comprises contacting poly (ethylene oxide) 

«Lth me thylenebisacryl amide In the presence of axobisisobutyro^ 
nltrlle. 

5. A cros si Inked polyether prepared as in claim 1. 

6. A crosslinked poly (ethylene oxide) prepared as la 

claim 4. 
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